Summary. UltrastructuraI It is concluded that the coelomic lining in the podium of S. forreri is a bipartite epithelium and that the retractor cells of the podium are myoepithelial in nature. There are no detectable communicating (gap) junctions between the epithelial cells of the coelomic lining.
The podia (tube-feet) of echinoderms serve a variety of functional tasks (Nichols 1966 (Nichols , 1967 ), yet their fundamental organization is similar in the five extant classes: Crinoidea (Hamann 1889; Nichols 1960) , Holothuroidea (Dolder 1972; Menton and Eisen 1970; Smith 1937) , Echinoidea (Coleman 1969a (Coleman , 1969b Florey and Cahill 1977; Kawaguti 1964; Kawaguti and Kamishima 1964; Nichols 1959a Nichols , 1959b Nichols , 1961 , Ophiuroidea (Buchanan 1962; Smith 1937) , and Asteroidea (Bargmann et al. 1962; Engster and Brown 1972; Smith 1937; Sasso 1968, 1970) . The podial wall is generally described as tetralaminar (Hyman 1955) , with layers of the following composition:
1. Epidermis. The epidermis is a columnar epithelium with a microvillous border and an external cuticle. At least four epidermal cells are recognizable: a vacuolated cell, a ciliated cell, and two glandular cells. An extensive nerve plexus occurs in deep regions of the epithelium and runs between basal extensions of the columnar cells. A basal lamina underlies the epithelium and nerve plexus.
Connective Tissue.
A dense collagenous connective tissue lies internal to the epidermis. Its fibers are frequently organized into outer longitudinal and inner circular layers. At least two connective tissue cells are identifiable: a fibroblastic cell and a migratory cell (coelomocyte). In some species, calcareous spicules reinforce the connective tissue layer.
3. Retractor Muscle. The podial retractor muscle is a collection of exceedingly long, unstriated cells lying subjacent to the connective tissue layer. The muscle cells orient longitudinally with respect to the primary axis of the podium. They may be disposed in a continuous layer or, less frequently, in four longitudinal bands. Peculiar features of the muscle include the lack of neuromuscular junctions and the absence of intercellular connective tissue.
Coelomic Epithelium.
The lining of the water vascular canal is a continuous epithelium consisting of flagellated cells and mucous cells. In some species, the flagella may be organized into tracts. The literature offers no cogent description of either a basal lamina or a connective tissue sheath between this epithelium and the retractor muscle.
During a detailed ultrastructural examination of the podium of the starfish Stylasteriasforreri, it became apparent to us that cells of the coelomic epithelium send processes across the retractor muscle to confront the connective tissue. These processes interdigitate with the processes of retractor muscle cells to form a contiguous layer underlain by a basal lamina. We also noted the absence of a basal lamina at the interface between coelomic epithelium and retractor muscle. These peculiarities suggested to us that the retractor muscle cells might actually be elements of the coelomic epithelium. Since this possibility is a departure from classical tenets of podial organization, further clarification of cellular relationships within the coelomic epithelium and retractor muscle would be required.
In this paper, we describe the ultrastructural features of the coelomic epithelium and retractor muscle in the podium of S.forreri and correlate our observations with those of previous investigators. We shall provide brief descriptions of the cells in the podial lining and then focus attention on the cell-tocell and cell-to-connective tissue relationships.
Portions of this material have appeared in abstract (Cavey and Wood 1979; Wood and Cavey 1980) .
Materials and Methods
Specimens. Adult specimens of Stylasteriasforreri de Loriol, 1887, were obtained from dredges in the vicinity of San Juan Island, Washington, U.S,A. They were maintained in aquaria supplied with running sea water.
Protracted podia were immobilized by ligature near the ambulacral groove of the arm. Severed podia were plunged into a fixative containing 2.5 % glutaraldehyde, 0.2 M Millonig's phosphate buffer (pH 7.4), and 0.14 M sodium chloride (Cloney and Florey 1968) . Some batches of fixative also contained I ~ tannic acid. The protracted podia were left undisturbed in the fixative for 3-5 min to prevent retraction. The podial shafts (stems) were then cut into short cylindrical segments with razor blades, and the segments were immersed in fresh fixative.
Podial segments for microtomy remained in the aldehyde-containing fixative for 1-2 h. Segments for freeze-fracture replication and scanning electron microscopy were exposed to the fixative for 30 min, rinsed in 0.05 M Millonig's phosphate buffer (pH 7.4) for 30min, and refrigerated in fresh buffer.
Sectioned Tissues. Aldehyde-fixed podial segments were secondarily treated with 2 ~ osmium tetroxide in 1.25 % sodium bicarbonate buffer (pH 7.2) for 45-60 min (Wood and Luft 1965) . The segments were dehydrated with graded solutions of ethanol, passed through propylene oxide, and embedded in Epon (Luft 1961) .
Light microscopic sections (1 ~tm in thickness) were cut with glass knives on a Sorvall MT-2B ultramicrotome. The tissues were stained with an alkaline combination of azure II and methylene blue (Richardson et al. 1960) , with Heidenhain's iron hematoxylin (Schantz and Schecter 1965) , or with the periodic acid-Schiff reaction (Cavey and Cloney 1972) . All sections were mounted in high viscosity immersion oil.
Electron microscopic sections (40-70 nm in thickness) wer cut with diamond knives and collected on naked or carbon-coated copper grids. The tissues were serially stained with aqueous solutions of uranyl acetate (saturated) and lead citrate (Reynolds 1963) .
Replicated Tissues. Aldehyde-fixed podial segments were either sliced manually with razor blades or mounted in 3 % agar and sliced with a Sorvall TC-2 tissue sectioner. Sectors of the podial wall were cryoprotected by transfers through 10%, 20~, and 30~ solutions of glycerol in 0.05M sodium cacodylate buffer (pH 7.4). The elapsed time during glycerination was 1-2 h.
Glycerinated sectors were oriented on gold-alloy disks and immersed in liquid Freon 22 held near its freezing point with liquid nitrogen. Sectors were fractured and replicated in a Balzers BAF 301 freezeetch plant equipped with double replica device, electron beam evaporation device for platinum-carbon shadowing, and film thickness monitor. On retrieval, the replicas were cleaned with absolute methanol, commercial bleach, and 50 % sulfuric acid. Replicas were then rinsed in distilled water and collected on parlodion-coated copper grids (Wood and Kuda 1980) . Scanned Tissues. Aldehyde-fixed podial segments were cut into smaller pieces with razor blades. The pieces were secondarily fixed with 1% osmium tetroxide in 0.05 M sodium cacodylate buffer (pH 7.4). Some pieces were then treated with 0.25% thiocarbohydrazide for 15min, rinsed with buffer, and subjected to the osmium-containing fixative for an additional hour (Kelley et al. 1973) .
Osmicated pieces were dehydrated with graded solutions of ethanol and dried in a Bomar SPC-900/EX critical point apparatus using carbon dioxide as the transitional fluid. The pieces were affixed to aluminum studs with double-sided cellophane tape and coated with gold-palladium in a Technics Hummer II sputtering system equipped with planar magnetron. (For views of internal podial organization, osmicated pieces were fragmented either during dehydration or after drying.)
Micrography. Thin sections and freeze-fracture replicas were photographed with J EOL JEM-100 C and JEM-100 S transmission electron microscopes operated at 60 or 80 kV. The instruments were calibrated with a replica of a grating of 21,600 lines/cm. Specimens for topographic study were photographed with a JEOL JSM-35U scanning electron microscope operated at 20 kV.
Observations

Coelomic Lining of the Podium
The coelomic epithelium in the podium of Stylasteriasforreri gives the impression of being a simple squamous or cuboidal epithelium (Fig. 1) . In actuality, the adluminal cells are neither squamous nor cuboidal since they emit long basal processes that traverse the entire thickness of the underlying retractor muscle. The retractor muscle of the podium consists of longitudinally oriented, unstriated cells. The retractor cells situate beneath the somata of adluminal cells and interweave with their basal processes.
From ultrastructural sections, it is apparent that no basal lamina segregates the adtuminal cells from the retractor cells (Figs. 2, 4) . It is also evident that retractor cells lack external laminae (Figs. 12, 14) . The only basal lamina in the vicinity of the coelomic lining occurs at the boundary between the retractor muscle and the connective tissue of the podium (Fig. 1) . The basal processes of adluminal cells intermingle with the processes of retractor cells to produce a heterogeneous series of terminals at the interface with connective tissue.
Cytology of the Adluminal Cells
The adluminal cells are irregular in shape. Their somata line the water vascular canal of the podium, and their basal processes cross the retractor muscle to confront the podial connective tissue (Fig. 21) . The nucleus of the adluminal cell resides in the soma. The nucleus is typically oblong and bounded by an envelope with relatively few pores. Condensed chromatin abuts on the inner membrane of the nuclear envelope, and whorls of ribosomes (polysomes) decorate the cytoplasmic surface of the outer membrane. Evaginations of the outer nuclear membrane are frequently continuous with cisternae of the granular endoplasmic reticulum. The perinuclear cytoplasm and basolateral folds of the soma contain most of the granular endoplasmic reticulum, as well as free ribosomes, occasional cisternae of agranular endoplasmic reticulum, and mitochondria.
The apical cytoplasm of the soma is the locale of several Golgi bodies (Fig. 2) . Electron-dense material appears in the lumina of the arcuate cisternae and pericisternal vesicles of the Golgi apparatus. The array of vesicles and vacuoles in the apical cytoplasm is suggestive of lysosomal activity, and the simultaneous occurrence of heterophagy and autophagy seems likely. Multidirectional bundles of microfilaments cross the cytoplasm of the adluminal cell (Fig. 4) . The microfilaments average 5.5 nm in diameter. Bundles of microfilaments project into the basolateral folds of the soma and into the basal process. The basal process of the adluminal cell wends between the underlying retractor cells to impinge upon the basal lamina (Figs. 1, 4) . In addition to a core of microfilaments, the basal process usually exhibits cisternae of granular endoplasmic reticulum, free ribosomes, small vesicles, and diminuitive mitochondria. A basal process may span to the basal lamina alone, or it may group with the basal processes of other adluminal cells for passage en masse. Intercellular junctions between the closely apposed basal processes have never been observed.
The terminal of a basal process is a bulbous pedicel anchored to the basal lamina (Fig. 5 ). Microfilaments and free ribosomes are the only organelles that consistently appear in the cytoplasm of the pedicel. Macular filamentous mats rest on the intracellular and extracellular surfaces of the plasmalemma adjacent to the basal lamina. Microfilaments of the pedicel interlace with the filamentous mats on the internal plasmalemmal surface. On the external surface of the plasmalemma, delicate strands (averaging 4.7 nm in diameter) emerge from the filamentous mats and radiate toward the basal lamina. These extracellular strands traverse an electron-lucent zone of irregular width before encountering the meshwork of the basal lamina.
Two centrioles inhabit the apical cytoplasm of the soma, and one member of the pair is the basal body of a single flagellum (Figs. 3, 6, 7) . The flagellum emerges from an apical depression in the adluminal cell, and the adjacent surface of the cell elevates into 12-14 coronal microvilli. The coronal microvilli extend away from the rim of the apical depression as ridges. Coronal microvilli are morphologically distinct from the pleomorphic microvilli which characterize periflagellar regions of the cellular apex.
The somata of adluminal cells are bound to one another by an apicolateral junctional complex (Figs. 2, 8) . This complex is zonular in configuration and has two components: an apical intermediate junction and a subapical septate junction. The intermediate junction is the more labile member of the complex. The choice of fixative and degree of podial retraction can significantly affect the distance between the apposed plasmalemmata. The shortest distance between plasmalemmata is 16 nm, so this value is probably the most reliable approximation for the width of the junctional cleft. A fine web of microfilaments.characterizes the cytoplasm beneath each plasmalemma at the intermediate junction. These microfilaments associate with a narrow filamentous mat applied to the intracellular surface of the plasma, lemma. Unlike the intermediate junction, the septate junction has a uniform intercellular cleft which is relatively unaffected by the choice of fixative and degree of podial retraction. Septa span an intercellular cleft which is 16.5 nm in width. Spacing of the septa is approximately the same as the width of the intercellular cleft, but there can be considerable irregularity in the septation.
Both components of the junctional complex can be localized in freeze-fracture replicas of the adluminal cells (Fig. 9) . In replicated plasmalemmata of extrajunctional regions, the intramembranous particles adhere preferentially to the protoplasmic (P) face and leave complementary pits on the extracellular (E) face. In contrast, the intramembranous particles which demark the septate junction adhere predominantly to the plasmalemmal E face. Aggregated particles of this junction form a conspicuous subapical band. The plasmalemmal E and P faces at the intermediate junction show a sparse array of intramembranous particles. These intramembranous particles are usually less concentrated than those in extrajunctional regions of the same plasmalemma.
It is noteworthy that, in both sections and replicas, intercellular junctions were never detected outside the limits of the junctional complex between adluminal cells. Further, communicating (gap) junctions were never found on adluminal cells with any of the techniques employed for this study.
Cytology of the Retractor Cells
Retractor cells comprise the main cellular mass of the coelomic lining in the podium (Fig. 21) . The retractor cells interdigitate with each other, with the somata of overlying adluminal cells, and with the basal processes ofadluminal cells. Scanning electron microscopy is particularly valuable for demonstration of the orientation and interrelationships of retractor cells (Figs. 10, 11) . Scanning micrographs reveal a branching pattern of the retractor cells which is not immediately evident in sections. Cellular bifurcation is prevalent. Some cellular branches continue longitudinally, whereas others turn radially and descend toward the basal lamina. The processes of retractor cells align with the basal processes of adluminal cells to form a continuous layer of terminals adjacent to the basal lamina (Fig. 1) . The processes of retractor cells account for approximately 90 percent of the cellular surface area exposed to the basal lamina.
Sections illustrate that the contractile apparatus fills the medullary sarcoplasm of the retractor cell. They also show the presence of slender cortical processes, but it is difficult to appreciate the true configuration of these processes. Scanning electron micrographs reveal that the surface of the retractor cell is elevated into thin, longitudinal keels (Fig. 11) . The presence of multiple keels on each retractor cell amplifies the surface area significantly and promotes interdigitation with neighboring cells.
The contractile apparatus is a longitudinal array of thick and thin myofilaments (Figs. 12, 13, 14) . The thick myofilaments are fusiform, averaging In this micrograph, the apex of the cell appears at the top of the field, and the extrajunctional plasmalemma appears at the bottom of the field. Observe the differing concentrations of intramembranous particles between intrajunctional and extrajunctional segments of the plasmalemma.
• 45,000 46 nm in diameter near their midpoints and 17 nrn in diameter near their tapered ends. Axial periodicity is sometimes evident along the thick myofilaments; the major period is approximately 13 nm. The thin myofilaments average 8.3 nm in diameter. Reliable measurements of length could not be obtained since both thick and thin myofdaments readily deviate from the plane of section. A precise ratio of thick and thin myofilaments could not be established since thick myofilaments are staggered and thin myofilaments are not mutually parallel. Ratios of thin: thick myofilaments as high as 12:1 have been noted.
Filamentous densities, associated with thin myofilaments, pervade the contractile apparatus (Fig. 12) . Such densities presumably correspond to the dense bodies in smooth muscle cells of higher organisms, where they have been equated with the Z-lines of striated muscle fibers. Filamentous densities in subsarcolemmal positions probably correspond to the attachment plaques of typical smooth muscle cells. Registration of subsarcolemmal densities between retractor cells occurs frequently, and the intercellular association resembles an intermediate junction (Figs. 12, 13 ). We shall refer to this association between retractor cells as the symmetric intermediate junction. It corresponds to the "type I" junction described by Dolder (1972) . On occasion, the subsarcolemmal density appears in only one of the two adjoining retractor cells. This association still resembles an intermediate junction, and we shall refer to it as the asymmetric intermediate junction. It coincides with the "type II" junction of Dolder (1972) .
Symmetric and asymmetric intermediate junctions exist in macular and fascial configurations. Both junctional types are notably labile, but tannic acid in the primary fixative seems to stabilize their morphology. When retractor cells are exposed to tannic acid, the junctional membranes remain parallel (Fig. 13) . A uniform cleft, averaging 49 nm in width, separates the apposed sarcolemmata, and disordered strands permeate the intercellular space. Without exposure to tannic acid, the junctional membranes withdraw to artifactually widen the cleft and disrupt its substructure (Fig. 14) .
Most symmetric and asymmetric intermediate junctions occur on the lateral surfaces of the retractor cells and are, therefore, parallel to the direction of exerted tension. Neither the symmetric nor the asymmetric intermediate junction could be localized in freeze-fracture replicas of the retractor cells. There is no morphological Without the stabilizing influence of tannic acid in the primary fixative, the junctional sarcolemmata (sO tend to pull apart (cf. Fig. 14). • 50,200 evidence, from sections or replicas, that communicating (gap) junctions occur on the retractor cells.
The retractor cells and their processes display expansive filamentous plaques at sites of confrontation with the podial connective tissue (Fig. 14) . These intracellular plaques resemble the subsarcolemmal densities of the intermediate junctions already described. The filamentous plaques of the retractor cell presumably bind thin myofilaments to the sarcolemma. Careful scrutiny reveals filiform elements within the plaque which make perpendicular contacts with the intracellular surface of the sarcolemma at periodic intervals (Fig. 15) . Averaging 3.4 nm in diameter, the filiform elements of the plaque are considerably smaller than the thin myofilaments of the contractile apparatus, suggesting that insertion of thin myofilaments into the sarcolemma is accomplished by an indirect mechanism.
The basal lamina is a continuous meshwork, the contour of which varies with the degree of podial retraction (Figs. 1,14 ). An electron-lucent zone intervenes between the cells of the coelomic lining and the basal lamina. Filiform structures, found in the electron-lucent zone adjacent to retractor cells, presumably bind sarcolemmata to the framework of the basal lamina. These filiform structures make perpendicular contacts with the extracellular surface of the sarcolemma at periodic intervals and align with the filiform elements in the intracellular plaque. Averaging 2.3nm in diameter, the extracellular filiform structures are smaller than their intracellular counterparts. We suggest that this association between retractor cell and basal lamina be called the anchoring intermediate junction. It corresponds to the "type V" junction described by Dolder (1972) in other echinoderm podia. Like the symmetric and asymmetric junctions between cells, the anchoring junction cannot be localized in freeze-fracture replicas.
The retractor cell contains a single, ovoid nucleus situated peripheral to the contractile apparatus (Fig. 16) . The nucleus is usually relegated to the base of a cellular keel. A centrosome, containing two centrioles, is located near one pole of the nucleus (Fig. 17) . Both granular and agranular forms of sarcoplasmic reticulurn (SR) appear in the perinuclear sarcoplasm. Agranular cisternae of SR also flank the contractile apparatus where they presumably mediate the events of excitationcontraction coupling (Cavey and Wood 1981) .
Multiple, somewhat flattened, Golgi bodies are present at the poles of the nucleus (Figs. 16, 17) . Electron-dense material fills the lumina of the laminar cisternae and pericisternal vesicles of the Golgi apparatus. Numerous vesicles and vacuoles, frequently showing electron-dense contents, also populate the perinuclear sarcoplasm. The observations suggest that the nuclear region of the retractor cell is active in endocytosis.
Mitochondria of the retractor cell have variable shapes, poorly developed cristae, and electron-dense matrices. Perinuclear mitochondria, as well as those in the keels and branches of the cell, are spherical-to-ovoid in shape and relatively small in size. The largest mitochondria of the retractor cell occur in the cortical sarcoplasm along its main axis. Situated close to the contractile apparatus, these mitochondria are oriented longitudinally and interspersed with the agranular cisternae of sarcoplasmic reticulum.
Free ribosomes are occasionally present in the perinuclear sarcoplasm and in the sarcoplasm of the cellular keels. The keels and the cellular processes adjoining the basal lamina are the only sites within the retractor cells to have appreciable amounts of glycogen (Fig. 14) . Glycogen exists both as discrete granules and as small multigranular rosettes.
Other Cells of the Coelomic Lining
Mucous cells occur singly among the adluminal cells of the coelomic lining. An apicolateral junctional complex attaches the mucous cell to the somata of surrounding adluminal cells. Cellular orientation is indicative of secretion into the water vascular canal of the podium. The mucous cell closely resembles the vertebrate goblet cell. One feature of the mucous cell, a long basal process, does not conform with the configuration of a goblet cell. The basal process of the mucous cell extends between the underlying retractor cells and terminates as a bulbous pedicel at the basal lamina. The basal processes and pedicels of the mucous and adluminal cells are morphologically indistinguishable.
Retractor cells with unusual morphologies are frequently encountered; we interpret some of these to be differentiating cells. Included in this category are those retractor cells having a contractile apparatus of longitudinal thin myofilaments only (Fig. 18) , longitudinal thin myofilaments and randomly oriented thick myofilaments (Fig. 19) , or longitudinal thin myofilaments and longitudinal thick myofilaments with the latter confined to the center of the array (Fig. 20) . Other unusual cells may be degenerating retractor cells in the process of autolysis. Such cells are fusiform in shape, and sarcoplasmic features are generally obscured by high electron-density (Fig. 1) .
Granulocytes are often interspersed with the retractor cells (Figs. 1, 12 ). These 
Discussion
General Organization of the Coelomic Lining
Descriptions of echinoderm podia, dating from the last century, tend to treat the coelomic epithelium and the retractor muscle as discrete tissues. Our observations on the podium of the starfish Stylasterias forreri indicate that these two podial layers are actually zones within a single, bipartite epithelium. The pertinent argument for this conclusion is that adluminal cells and retractor cells rest on a common basal lamina which adjoins the podial connective tissue. The absence of a basal lamina beneath the adluminal cells and the absence of external laminae around the retractor cells are immediately reconciled when all of these cells are relegated to a single epithelium. Our observations lead to three general conclusions: 1) the coelomic lining of the asteroid podium is a bipartite epithelium which qualifies, by conventional histological criteria, as a pseudostratified epithelium (Maximow 1930) ; 2) the retractor muscle of the asteroid podium is a collection ofmyoepithelial cells within the limits of the coelomic lining; and 3) the podium of the asteroid echinoderm is trilaminar in organization, consisting of epidermis, connective tissue, and coelomic lining.
The preceding conclusions may seem to be radical departures from current concepts of podial organization, but none of the conclusions are altogether novel. Several previous investigators have reported salient features of the coelomic lining which are consistent with this structural interpretation. Hamann (1889) perceived the myoepithelial nature of the podial retractor muscle nearly a century ago. More recently, Nichols (1959 b) observed that adluminal cells of the coelomic lining send basal processes between the retractor cells, and subsequent investigators traced some of these processes to terminations on the connective tissue (Bargmann and Behrens 1963; Florey and Cahill 1977; Kawaguti 1964) . Some workers also noted that there was no basal lamina to segregate the adluminal cells from the retractor cells (Baccetti and Rosati 1968; Bargmann and Behrens 1963; Florey and Cahill 1977; Kawaguti 1964 Kawaguti , 1965 and that there was no connective tissue to separate the retractor cells from one another (Dolder 1972; Florey and Cahill 1977) . The present study confirms these earlier findings and provides fuller documentation.
The classification of podial retractor cells as myoepithelial cells does not make them unique. Myoepithelial arrangements are common among invertebrates, and they have been found in various tissues and organs of the echinoderms (Atwood 1973; Holland 1971; Jensen 1975; Walker 1979) . The striking feature of podial retractor cells, in comparison to other myoepithelial cells, is the degree of differentiation of the contractile apparatus. It is now apparent that echinoderms utilize myoepithetial cells singly, in small groups, and in large masses which approach the structural and functional complexity of true smooth muscle. The myoepithelial concept may even apply to the adluminal cells in the coelomic lining of the echinoderm podium, since they contain bundles of cytoplasmic microfilaments. Microfilaments that are 5-7nm in diameter correlate positively with cellular motility when present in significant numbers (Lazarides and Revel 1979) .
We also perceive structural similarities between the linings of the podium, the ampulla (Bargmann and Behrens 1963; Cobb 1967; Kawaguti 1965; Norrevang and Wingstrand 1970) , the radial canal (Cobb and Raymond 1979) , the Polian vesicle (Baccetti and Rosati 1968) , the Tiedemann body (Bargmann and Behrens 1964) , and the stone canal (Cobb and Raymond 1979) . A pseudostratified epithelium with myoepithelial cells may, therefore, represent the general pattern of organization for the lining of the water vascular system in echinoderms. The general architecture of the coelomic lining would then have to be judged as more primitive than heretofore believed. At the same time, it would exhibit one of the most structurally and functionally diversified forms of epithelium yet encountered among the invertebrates.
Cytology of Cells in the Coelomic Lining
A major aim of the present study was to clarify further the cytology of cells in the coelomic lining of the podium. Of the two principal cells in the lining, the adluminal cell is the least specialized. It does possess a single flagellum and coronal microvilli reminiscent of the apical specialization of the poriforan choanocyte (Norrevang and Wingstrand 1970) . Choanocyte-like cells, called flagellated collar cells, occur in epithelia throughout the adult echinoderm body and appear in embryonic and larval stages was well. For additional information on the distribution of flagellated collar cells, the reader is referred to the excellent compilation of Walker (1979) .
The cytology of the retractor cell is more complex than that of the adluminal cell. Our cytological findings on the retractor cells are consistent with earlier observations on the retractor cells in other podia (Dolder 1972; Florey and Cahill 1973; Kawaguti 1964 ) and on contractile cells of the ampulla (Bargmann and Behrens 1963; Cobb 1967; Kawaguti 1965) . The contractile apparatus is generally localized to the medullary sarcoplasm along the main cellular axis. The nucleus, non-contractile organelles, and inclusions are invariably located peripheral to the contractile apparatus.
From our electron micrographs, it is obvious that retractor cells branch frequently. Some branches retain a longitudinal orientation, whereas others deviate from the primary podial axis in order to anchor at the basal lamina of the coelomic lining. In some echinoderms, the retractor cells seem to attach proximally to the connective tissue near the podial base, span the entire length of the podial shaft (stem), and attach distally to the connective tissue near the podial disk or tip (Nichols 1959b) . In others, the retractor cells may not span the full length of the podium; instead, they appear to originate and insert at intervals along the shaft (Nichols 1961) . Both of these patterns assume that retractor cells attach to connective tissue only by their ends. Our micrographs suggest a third pattern of association wherein axial branches along the length of the retractor cell make serial contacts with the connective tissue. Two potential benefits of such an arrangement are greater cohesiveness of the retractor cells in the coelomic lining and firmer anchorage of the contractile epithelial cells to the connective tissue.
The longitudinal keel of the retractor cell is a process which has previously gone unrecognized. The keels are the repositories for many organelles and inclusions, but they are also probably responsible for intercellular cohesion through extensive interdigitation. The keels of many retractor cells are suitably placed for interdigitation with the basolateral folds of the somata of adluminal cells and with their basal processes.
Intercellular Junctions Within the Coelomic Lining
Another aim of this investigation was characterization of the intercellular junctions in the coelomic lining of the podium. Between somata of the adluminal cells, we verify the existence of two contiguous zonular junctions -an intermediate junction and a septate junction -in an apicolateral complex. The intermediate junction appears to be the more labile member of the complex, frequently showing artifactual separation of the junctional membranes after fixation. We identified the intermediate junction in freeze-fracture replicas on the basis of its apical location and its association with the underlying, easily recognizable, septate junction. The freeze-fracture morphology of the septate junction between adluminal cells is somewhat distinctive. In this junction, there is little evidence of the linear arrays of intramembranous particles that typify septate junctions. It also differs from the anastomosing septate junction between epithelial cells of the echinoderm gut (Green et al. 1979) . The functional significance of such variability among septate junctions is unclear. Studies on junctional variations at different locations within the same organism might furnish additional clues on the functions of these unusual junctions (Wood 1977; Wood and Kuda 1980) . Both the intermediate and septate junctions presumably augment adhesion of the adluminal cells. Since establishment of a paracellular osmotic barrier seems unnecessary in the echinoderm, it must be concluded that septate junctions in these organisms do not provide major permeability barriers.
Retractor cells participate in formation of three junctions, and all three types have been described in previous studies on the echinoderm water vascular system (Baccetti and Rosati 1968; Cobb 1967; Dolder 1972; Florey and Cahill 1977; Kawaguti 1964 Kawaguti , 1965 , although there has been little consensus on nomenclature. We endorse the view of Kawaguti (1964 Kawaguti ( , 1965 ) that the three junctions more closely resemble intermediate junctions than desmosomes. As justification, we cite their fascial configuration, their lack of intercellular laminae, and their affiliation with thin myofilaments. Further, none of the three junctions is recognizable in freezefracture replicas, a fact which allies them more closely to intermediate junctions (McNutt 1975) than to desmosomes or hemidesmosomes Shienvold and Kelly 1976 Although the boundary between adluminal cells and retractor cells is extensive, there is no morphological evidence of intercellular junctions between these principal cells of the epithelium. This peculiarity provides a logical explanation for earlier experimental results on the echinoderm ampulla, if one concedes that the ampullar coelomic lining is homologous to the podia1 coelomic lining. Nichols (1959 a) extirpated ampullae and exposed them to a chemical dissociator. After two days, he noted that adluminal cells and connective tissue separated from the protractor cells. The protractor cells of the ampulla remained intact even after 45 days of exposure to the dissociator. On the basis of our findings on the podial lining, we can rationalize Nichols' observations by assuming that the primary effect of the dissociator was disruption of the anchorage between ampullar lining and connective tissue. Since there are no intercellular junctions between unlike epithelial cells in the coelomic lining, the adluminal cells might be expected to separate from the protractor cells. The basal processes of the adluminal cells, upon loss of the bonds between pedicels and basal lamina, might either shear offor simply dissociate from the protractor cells.
A potentially important feature of the coelomic lining in the podium of S.forreri is the apparent absence of communicating (gap) junctions. The total absence of these junctions is unusual for epithelial cells as well as for smooth muscle cells. If our observations derived only from ultrastructural sections, as has been the case with previous investigations of echinoderm tissues, it could be conveniently argued that communicating junctions were simply overlooked. The freeze-fracture technique, however, is particularly sensitive for localization of communicating junctions, and we have examined considerable numbers of replicas. We believe that this negative observation may prove highly significant, although we would certainly not conclude that cellular communication is lacking in the coelomic lining. We would infer that podial tissues of the echinoderm may be useful models in the study of alternative mechanisms for cellular communication.
Future Studies on the Coelomie Lining
The present study provides essential information on the cytology and interrelationships of cells in the coelomic lining, which will serve as the data base for future projects dealing with cellular turnover and regeneration. From our preliminary observations, we believe that we can identify cells in the process of degeneration. Degenerating retractor cells appear similar to the "spindle-shaped muscle cells" in the ampulla (Cobb 1967) , the "degenerating muscle cells" in the Polian vesicle (Baccetti and Rosati 1968) , and the "filament-vesicles" in the dorsal hemal vessel (Jensen 1975) . We have also begun to erect a possible temporal sequence for the differentiation of retractor cells. We hypothesize that retractor cells containing only thin myofilaments (R 4 in Fig. 21 ) represent an early stage of differentiation, that retractor cells with randomly dispersed thick myofilaments (R 5 in Fig. 21 ) represent a later stage of differentiation, and that retractor cells with centrally restricted thick myofilaments (R z in Fig. 21 ) represent a penultimate stage of differentiation. This hypothetical sequence is largely based on the elaboration of the contractile apparatus, however it seems to correlate rather well with the progressive establishment of cell-to-cell and cell-to-connective tissue associations. We are now testing and refining the hypothesis through analysis of differentiating retractor cells during embryogenesis and through examination of regenerating retractor cells in the coelomic lining after podial wounding.
One of the greatest enigmas relating to the podial retractor cells is the mechanism of their innervation Wood 1979, 1981) . The absence of neuromuscular junctions in the podial shaft and the absence of communicating junctions between the retractor cells emphasize the need to consider alternate mechanisms of cellular communication when dealing with echinoderm tissues.
